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(57) Abstract: 

PURPOSE: A split gate flash memory is provided to 
enhance program and erase efficiency and to 
improve the endurance of the program and erase by 
forming a wide active width. 

CONSTITUTION: The split gate flash memory 
comprises a source, a drain and a channel formed 
on a substrate, a gate oxide formed on the source, 
the drain and the channel, a floating gate formed on 
the gate oxide, a tunnel oxide formed on the floating 

gate, and a control gate. At this time, the channel! 

width corresponding to the floating gate has an active structure having a wider width compared to the 
channel width corresponding to the control gate. 
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(9 ) int . a . 



(19) eflthej^m^CKR) 
(12) §JH^^ii(A) 

7 (11) S}H»!^ ^2001-061532 

(21) #ae!2t 1 0-^)00-0013346 

(22) mmmTt 2000^03116^ 

(71) &ae! ^^^ti 2^^mM sss 

271 4=3/4 DHiBS 416 

(72) g^sw ag^i 

S 71 £3SA| Sg252-^4gOmfm V06§21 Os 

(74) cHBiej diss, ms, oms 

(54) ±^ TlOlga HBg 




M ^(Active Width)© 7tSt? St ^711 2!-M0l S^SW, M7|(Pfogain) a 7a^7|(Erase) SEgg SSAI 
Jia SAIOli ^7I/X|^7I er^(&wluranoe) Sfig tf^AISQ, 

£ 1= &B^^e! iligS Wdje (Split gate)S IHiaEI (Flash ineinory)ej UEj^LH- 4=si g- 

£ 2^ E 1°J ?ilO|H DliaEl ^(Spllt gate memory Gell)°J ?HullAlE1 Sl(Gapaeitor model)© 

UEKHS as, 

£ 7IS2I TIIOIM DHHEI M (Spilt gate memory cell)°J Active S^*-© UEHH^ ?H^«=^ ¥AI 

£ 4^ t 32J :^Ma 71101 M DfleEj Endurance IJEMH^ HEH^, 

£ 5a. £ 5b S £ 5c^ g SgOli tCj-g MQI^ WiSEI g(SpMt gate memory cell)SJ ?hE| 

M LhEHH^ *AI S3£, 

£ 6a LH7:i £ 6f ^ -^A^A £ 5a, £ 5b S £ 5c£| 7I1G|E OiiSa Xii^tstS gfBg LhEtLH= 

£ 7s £ 5c°i fiAlolj2^ £ 32J 7IS2I ifiga TiioiM DiieEi a?j sw^s ^m^m mm u 

nEin £ 8^ £ 5c°J ^ AlOliah £ aei 7i£2J ^irMSl 71101 e DflaEi .^2J ii^7i/Xl^7l B?^ (endurance) 

^ae Hiin^h7i ^ishoi uEiyi ush^oiek 

12. ^EiS 71 e 14. 

16. ££82! 18. Xia(Chanhel) 

20. 71I0IM ^S^^Cil-tH) 

22. ©Si! 711 OIM (Floating gate) (MEI 4'EI5) 

24. 21 El ©El Ely 25. 7il01MZH §&g(iy-SI-M#) 
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29. 99101 7|0|E(Cortra4 gate) 70. SSSftCBStS Of^ nS) 

g ?flOIM(Spllt gate)S Mffl=fl WiaEICFIttsh BanoryXHI ^AflSW= 

ii7|(Progaiii) S! TI^^KErase) fifiSl SSilF OhSSI iS7l/^?7l ^^^(EraWnirce) ?HflSh= 5«l 
EiHXActive) ialsK^ 45^ TflOtMS gOf^ DflSSIM: et.^ 210iDi 

iMS 7aOIM{Split gate^S gEH#l DBSSKFUi^ iDemorv)= E IM EAIS U^2^ g^OI MIH 
?||0re<Float1ng gate)(22)2F aCM 71 OlM (Control gate)(29p^ SaS t'SM STcQ. MSg 
7iOIM(F1oating,gate)(22)S a^2t ^SSt HgS ^i^M if^Ol Ql MSS JflQI 

e(22)g2J ^^(f4ji|:)2J &g(X|#7|)0il CtEf OliaEI ^(Cel l)2J Sl# OlgSKd 

SaM JgStfP-. gSH 7il0lM(22)S2| ay (Channel )(1 8)011 A|°| US 37J(Hot elect ron) 

M 01 gth CHE I (channel hot electron injection) OI^CH 73 EH. ISl 7^I0|S2^ 

TflOlM AHJI^ §35f(24)g F-N(F«>w:ier-tterdh8liB) Ei^S (tunnel llng)0| QlSSa. 
^a(Prosram)]!> WS(Erase)01l 5.^^ SST HH^ £ 201 £A|gi UF2I- ITS g7l WQIAiEl 
2^ (Capacitor MedeDS ggt 4= SIQ. 

S7^^^a(Proga^n)s CHSF i>:(Sburc8)(\»s 11 V), EEii.eJ(Drain)(Vbl - OV) SSWIAi^gi 
?«0|g(Control 9ate)(29)(HI icBa(i8)OI g£2| aS(Vw1)m eiPj^S-Hnf. 01 3^ sSH 

7110! M (22)011= CHef Vs*Cs/Ctot g££i agfOj SElTfl EIQCCs * Ctun * Cgpx Ctot), HI-SI-Ai Cs/Ctun 
2tt31 Sflt^ MS9 7IOlM(22)0|| ^Elc aSfS SUM S^SAI?); US SWt 

eiectronlpl SMS 7ilO|M LHS 2?SJM9I^ *ES 29 Tj^S (Program) ^OPI *ISIA|fe 

01 2t# SSAjg gfiPt SiCt. 

371 gfg(Erase)AIM= Vs=dV. Vwl^lBV e!7F&ldl eiEim&KlntetPoly) Sgei(24)g ^tl" 

F*N E1,Hil(tunneH ing)e OjgSl^ia. 01 (U eSS 7il01M(22)S| SgfS (Ctot-Gs-Cgox)/CtotOil Uia|5l 
SS-(VwlrVf)m SOl^:?! SISIIAI^ 5^AI ^01^2, Ctur® #01 ^= 2101 SaiSjOIEI-. 5! 
7J e}-g(Erase)A12| ^j»^''#(Erase) Sg2^ O^UE^ l(Cell)°l tL-?\m^^\ 

aK^ (Endurance) ^SOIIE ^ SSFM OISQ. gJElSa i+aM(1nterpoly oxide)(24)M St> F-N 

(tunnel I ing)01iAi^ §SS|01IAi2) 27} M|2(trap)0« "Sm Eiy(tunnel) 2!^2| 
gtKDegradation^ SJ SSOlOg ^373 SisOIL SsSaS §7^1319 OlS elt^ J^Jft Mf^fJ^ SiO. 
Hl-EW, ggOl gg'S: 2^ 2^3|£| 3HiIIAIi!^(Capacitance)= ^(Cel.l)2| qi^ SSStSj ^])BS^^ 
a^lOfl 2|£5h?ll EIHS OiM 7Hi!th7l 9lt^ itqOI 711^EI3 SIQ. 

SEH2I 7110IM M(Split gate cell)g S 3011 SA|=! U^^^ ^01 MGSFET2^ SO! 

S!!E|S(Atlye)2J ^(UlldthjOl qi3E# SiP-. Cs^ sMU THOIM g^g i>;(Source)(14)M 

SfS-AjgJ SS5(A)21 71I01E 19SK20)2j ^JfflOfl S-TaofeOl TIIOlM §3e,i-(20)°l ^WIM gOI^ 

ii(i4). gfs aoiM M£!L=(Moi=] 3ioi= mm 2i«Hs iihsjog cs2i ssol oias 2^ 
D. 

711 01 M (Split gate)S MEH=J^ (HI Sei (Flash memory )2) STif g-g(Erase)A|21 S^(id)7f 271 M 
S(trap)01l °|o« 5!4:(Programing Cycle)— 7X1^:71 Oil [ClEl^ ^OOT= 3 

E 4011 LlEfLHSi^Dl, ^§51 7110|E(SpI it gate) « OlieEl i!21 Endurance Fai lure^ qia*i- 
SXha^m(Erase)Al°| Ei^l) (tunnelling) ^373 SlD. nilQIi Oi^lg TflOie 13SK20)011 

Ulol eflOl ^emKN ^WS eiEigSI Ely (Ihterpoly Tunnel) §ast(24)01|21 27} MIS(trap)011 7i2J 

gisjoj =j;fd|,os 01 ^j^^ gj-asi mi^Plfe Ol^tl;.. [ffEtAl OlM U^t^ ^St^ ^ ^SM 

B ^"3= ^:'I2I- ^= SJtUSS 7H2ShnXl ffem *i71(Progam) S 7a^7l(Erase) Eg^l §2 

21 OlsEI **P|/Xl^:?i 9t^(Endurance) 7H2a= 2! El S (Active) SJ-^ 7iiOlM« 

^7iaF irSSPI 9ISH)1 ^ ^^SOll [&& :ig51 7IO|M(Sprit gate)« Sai4=l IHISEl (Flash 

menory)bi 01 7^ SOU ««S =2112! S! ill&; 4^:^ =eiiej S 4^011 

««a TiOlM gget; 4^71 ±^ S iHy 4^21 TlliDIM ISe^ fe^Oil 5?==! MSH 71101 a^:j| ggg 

71I01M s ^siw zfzr 7^I0IM^^ §a# a Eia saej; a ^51 msh 7floiM 4^21 tii 

OrSZl- gS^jlf Ely §SW S ^71 TflOlS AfQii 5.*^ jaOl TUOIS;! ^dl*f 4=15! ?ilO|S 

@ €i!H^ WiaSKHI SlOiAi, 4'7I SSI 7IOIM0V CHSSI- ^71 »ly ^0|: 4'71 »101 TllOimOII 

^ iS7i a a ^ ?issi srsa si ei m sr^ 2ig §sss tMiF. 

a*>, 4^7|2F S& i?SSh7l ?1S^01 S ^SOll [QM ii:g§l 7flO|e(SHlit gate)t! g2H=*i, 

DHaSKFlash memory)^, 7\Bm 01 7I» 4^011 SSS! i^. 532! 3! Mai ^71 =ae! S JH 

y ^1 2^2^ TIlOlM S^efj ^71 S 91^^ ^ TliOlM S^^a^ Siei! SMS TlOlg; 

^71 ssil ^oiM ^3 Si ^Bog 2^2^ ^#1! 7iioiMe^ €s$ iy Eia ggs,'.- si 4'7i smu tiioi 
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fi^7ioiM« ea^ ogsEiOl fimM. ess tioim bisi aoi nomn ois 

sm «i srss ^ieih ti^ i;^^ 3!fi «s£s tfa. 

U ^ Zfz^ «€S 7I0IM aset; ^71 ^± S ^ HOIM Bt^st ^ S<d3 SSS HOIM: 
^71 BS9 70OIM ^ a ASM ajftg 7fl0IM^^ SSft SJ Ba SSeji S^^'^^l*??' 

?ioie« ga*j twaaoi stoiAi, gsa hoimob qis*»= ?oi ^^,?2! 'fiffl 
oiMM mmt\^ ^ sq s^ss ^iEiH m^zs. fLO. 

oi«^ Ese ^ztmM & ersN [q@ li^sfi noiE^ sm^ nssie ^ais^ti ^sm. 

B eSM Q^e ^SSl 7I01M« naei^, i^^KProgan) 3! ?3?7|(Erftse) £#21 SEJli OmU 

A|?|^ 2<# l^sks Oia^^ 9!E1M ^01 S7^g! ^AiMSS E 5a LHXI £ 5cM £AI«raQ. 
^. TflOlM MSa ^(Spllt sate neoory eel 1)51 an^AIMM SlO)Aj= 9tElH(Active)S| 

0|]g(FlMtlng sate)M OISS^ Sm«((channel «i(tth)OI ^01 7|0|g(oontrol sate)M CHSftf^ ttU 
^(dntmel vidth) 371 Ef^D. 

£tr. TJOIM MSai aiCSplIt sateBemorycelDSI »|2tiA|0IN aOfAlfe^QMCActlveiSI 

s, £ 5tM £Ais am iroi ess 7gois(FifAtins sate) ±^7i nss^ ^sfi a7g«K)i 

91EIM ^ (Active Vidth)fi «h »7I 

ai^AiOt^ SSl^l MSQ tiM Ul«| SSS TIOiMSJ S£^(Conductanc8)0i ?tn7fl Q£S S 

3^ ia(t?b)M S|«S floating 8ate)7^ S7»H)1£ S^KReadlng) A|21 a«2te| mm 4= a 
>i EIHS auraSS i*7|/7a^7l Bh«5(End/ranoe) ^SOI THi^SO. it7l/7i^7\ £. 

y\ sfrZtM ai> mm ^u^idKie stress) $si s^ztsj uis ois m a Ji)st\ 

:2£e5< TlOiS ^ (Split sate ceil)S KOSFET Z«S S|B S^ti ^S. 0l«lir 4^ SIQ. OiSiM 0^3^ 

iroi 3981 ntfsi SIB aas oitisioi as ixtiB ^ siq. 

Ids - Vds/(rl ♦ r2 ) 

£ 4MA121 ids«2J jgSttS^S Rcell2| ^qt^eSHW 7IStm W 4= StQ. 017IA1. SCH TilOIEJCortrol 
sate) Sei Jja (Channel) 394^2! r2^ AH3l#(PrgraiDln9 Cycle)M CH«K)I 71SJ S«W 

2 ^ra-e IIH, r1 2f2J g^HM 2|€l StfB UiiiA Sl= 2101 i47l/7a^7| BtK ffldM fiiJ^Siaf 
8f ^ SiD 01^ CJA! a jgth Rcell - r2(ak ♦ 1)S tig k(k-rl/r2) 2fl ^SSS^I a» 

M tH«| RcellSJ eag gg ^ SlSg & 4= 0I7IAI a& ii7l/7]^7l a4:«»rogr«ning 
Wle)M HFS 7a§7l2J S7^ S£g UEhSCf. COaAi i7l2ig t DIDl. 33^^ Mg(trap)tHl 2J«| gS 

€ Tjoiss) aaoi aas s£7^ stows oi sfg s^fsw acf. aeia, »«sfetm^|i »jr(r)g^a 

y i|(Charmel wldth)(l)M B.4dia»Hl «a SOKchannel lerath)(L)(H blEa«^HS gSS 
710iM(Floatin9 sate) gSJ lia ^(Channel lldth)g SOl 7i0IM(Control sate) SSj ffly 
^(channel width) MD kjA Sh^ 201 k2tS gOITS Elffl giUaSSS !!D\m^7\ ^^ 4« THflM 
2^5}Sg W 4= 2iO. 0171 Al, tHy aOI (Channel len^)ei 9»S£ B ^SJS STSlf 4= a«U, g Af 
OI2(Cell size) gSJ Bag 4BJtl0t *iHS BUt^SW 8H>. 

£t.N :^2^AIDI|SI MSei g(Cell)S 7I£S| M£a g(Cell)M Ultl Cs7^ ?173£S SS^^ Oj^S StI 
^jgrogran) figOl SOWDl. 7J$7|(Erase) ttgHf 0^ga !t7\m^7\ er*KBndurance) S«£ 0!^ 

0I2F aoi. »ll«A^M2^ aa^Aios z^ztg tos 2!S6^= 2!£ 7te«w&, £ 5cM £Ai|! \m eoi. 
£ 5c= aa^AiMMAi aejsf •uEiH(tetive) s^g soi^ii 2i= THSfsj ^Ai gsaoic^. ole^e^ 

»l3^AiO|l| g(^ll) a^SSS £ 6a Ui3Q £ GfM £AIS )m iTOI OI?0(SD((fiP 5,242.848 
S2). 

a?._£.6^ ^iMJ!_U^2^ e0|..;SSI5.?Ji?^ ^_?8OllJ^l.(20Jg «,ig«14._3„^M^^.g 



ae#(22)jl^ €S^gd(70)g OS. S££i:£:aZHIQ SS±£ 3£(gdg MS«iOI 

gag 0F:^3 Il@(70)g n, !£«S ga«S]5ft(2S) ^ £ 6bM £AIS \3m it^ 

iragS(25)g 4!«tfD. 

CmM, £ 6dHi £AI3 UK2> iTOI, ^^^16(25) S^i^SJ gSi^aSft(22) °^g ^7111 UOin ga^a 

^s(22)^^ asm u\±3. iie(70)g ^izmioi a7it.o. 

QSM, £ 6dOI £AIS UfS^ ^1. SEigBl Ei^dntetpoly Tunnel) BS5t(24)g tiSm. 

QSM, £ 6eM £Aia UH^^ BOL 6Wg6(25)» sEiga E1H aae«24) 35 7II0IS aae«aD) ^ 
M aoi 7iiGiM(29)g «aeta. 

a§M, £ 6fM £Aia aoi, aa«Fs ga^ei5&(22) si i+ags(25) ahjis g^gg £^8^ 
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ztzr £ 7 a £ an £ais am ita. b bssi Active «^ nei^^ s^. £ toi £Aia ufs^ 

SrOI. ii^KPrograia} AI2»0I 7i£2i Sai^ HSEi flOIAl sa 9Sk7il», S. 8DI £A1S itOI. i& 
0l^3f irOh B e^Og 2I& 9)QH(Actlve) srSOl ftjI^S CH2S1S! tiAtOgS UEHHSt 

^a. e £iAioi2i Active e M\sm tr moiss b ^Mtsi7i s^si sfis n 

SBSl SJf 

01^ iiiStt irOI, B SrSOl am ^SSl TIOIM^ SiSI^ naa^ SSg 7|0IM(FI(Hitin9 s&te) 
gl^S srsa^ i^BSi ^EIS <|(Active ffidth)! H7| E^tH SSSAM. 

i±7l(Prasu) 3! XI^71(Erase) SeS e23Aia3f gAIOfl er<4 (Endurance) Q^OI 

D. 

1. 7l5;3f 01 715 ^ EMS! » liy; ^71 =312! S Wy ^ 

«sa 710IM agiej; ^71 a Ma ^ Moim aaet ^ Bj#a is© tioim; ^7i gss 

TiOlM ^ 3! «90i) ZfZt 5]Sa TIOIMZ^ eSS S EIS SSSt: S! ^71 SS3 TOOIM 71 
OiM^^ Ely SS^^ 91 ^71 TliOlM SSS ^ St6@ SIOI 7liOIM:§ qiUlt^ TflOlM 

^71 B£S 70OIM0I CHSS^ &7i Xgy ^01 ^71 »0| TiOlMOl CHSth^ &7I 2|y ^ 
«5S! aiEIM «^ 1)^ 3S «S±S «m ^fiSi 7101 E«! fiZH^ OiaEI. 

2. 7IB:]!F 01 719 ^ ««S ^i^. £95! S fly; ^71 ESflS! 3! Uy ^ ZT^T 
TiOIS ggsf; ^71 S ny ^ 7I0IM SSSf ^ gSS TiOlM; ^71 fiSS 

7I0IS ^ s «soi zrzr si«s 7|0is^» asss s Eiy aae^: a; ^7i sss taoim ^21 n 

OISL^ SS!«j!^ Ely BSSt X $71 7I0IS aS!« ^ SISS nOI 7|0IE:S ?tJ|& TlOiS 

«j sa^ ogsaofl sioiaj, 

$71 SS9 7I10IM asi $71 ^>:7t $71 XiOl 7|O|£0i QiS«^ fliy ^ MD STSS 9|E|H 

«$& 2ie «^ ^ss 7ioiE« sai^ oosq. 

3. 7I5;3J 01 7IB $08 tiSS i^i, £32! S «y; $71 £Efl2! a tgy $0i z^Zf 
«<$a 7I0IE SSSr: $7! S fly $^ 7I0IM S^^^ $01 Sfga gsg TflOjE; gsg 

TfloiM $9 a «iso{i zt^' siftg 7lOiM^^ sad a Eiy stget: a $7i ess taoim $ssi ti 
oiMz^ Ely as3^ a $71 7I0IM sa« $01 5]fts noi tiioim;* tioim 

« SEH^ DilSEJOfl S^OIAI, 

$7! TflOIMOfi XA%Z\^ $71 fly ^0! $71 ^Ol 78OIM0I \A%tVS: $71 fly ^ SO 3£^ 

?s^§ai2. $71 ges >ioiM sjei $71 4:>:7^ $71 »ioi ?qoiMOi D^§s^= fly «i saa a£« «s 
a ajEiH s$g ?f£ am Jis^s «fs iiga jiioims s2H*i Dfl£a. 
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2S 29 VW1 




2x10 ■ 



0.01 Jia-.^ >>' *^ '» ■* « 

irf* lO' 10" 10* 10* 10? 1<f 

Number of cycCe (1^1 
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ie-3 

1E-4 

ie-s 

1E-6 



1E-10 




1M ie-r 16-e iehs le-* ie-3 

Proc^am Tfrne (sec] 




i.e+oo i.E*02 i.e+04 ^ i.E+oe 

l.e+01 t.li+03 
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